A simple and reliable method has been developed with a new strategy named holistic analysis of multiple constituents to evaluate the quality of the well-known traditional Chinese medicine (TCM) Shuanghuanglian (SHL) oral liquid and soft capsule. Seven main constituents of the medicine, i.e., baicalein, baicalin, chlorogenic acid, wogonin, scutellarin, forsythin and hyperin, were selected as the evaluation markers and analyzed by micellar electrokinetic chromatography. The effects of buffer pH, concentration of electrolyte, organic modifier and applied voltage on migration behavior were studied systematically. The optimum conditions for the separation were achieved in a 12.5 mM borate-10 mM sodium dihydrogen phosphate-10 mM sodium dodecyl sulfate buffer at pH 9.1 containing 10% (v/v) acetonitrile under 15 kV. The analytes were identified by their relative time with regard to para-hydroxybenzoic acid migration time used as an internal standard. The method was validated in terms of linearity, limit of detection and quantification, precision, accuracy and recoveries. The correlation coefficient ranged from 0.9962 to 0.9992. The limits of detection (S/N = 3) were from 0.15 to 3.95 μg mL −1 . Recoveries of seven analytes in the SHL samples ranged from 89.00 to 103.04%. The proposed method was successfully applied for the quality control of complicated TCM SHL.
Introduction
Traditional Chinese medicine (TCM) is a mixture of many chemical components that are usually responsible for the therapeutic effects. The interactions among these components consequentially complicate their relationship to safety and efficacy. In order to ensure a maximal therapeutic effect, it is necessary and important to develop a simple and sensitive quality control method for the herbal medicinal preparations.
In terms of quality control of TCM, there are two widely accepted strategies. One is selecting a single specific component as the evaluation marker to evaluate the quality and authenticity of herbal medicines, to identify the preparations of single herb or herbal medicine and to assess the quantitative herbal composition of an herbal product (1) (2) (3) . Selecting a single specific component gives certain quality indexes and the analysis is rather simple. But it cannot afford sufficient quantitative information for the other medicinal compositions which cannot accurately reflect the quality of TCM products. The other strategy is based on the chromatographic fingerprint technology. Fingerprint analysis is considered as an effective method since it emphasizes the integral characteristics of TCMs. The performance of a fingerprint analysis is by analyzing a number of samples to find out the common and stable compounds in TCMs (4, 5) . However fingerprint analysis is a time-consuming process which needs the special software and analytical methods.
Aim at attaining more the effective quality control of the TCM preparation, a new strategy, the holistic analysis of multiple constituents from every component herb in a single run, has been proposed by Chen et al. (6) . The holistic analysis is that certain bioactive constituents from every last composed medicinal herbs are selected as the evaluation markers, and then their quantitative information is obtained in a single run with an appropriate analytical method. Thus the strategy, more effective quality control of TCM preparations and their quantitative information can be attained, which has been successfully applied to the evaluation of the quality of the Chinese medicines Yiqing granule, Qin-Bao-Hong antitussive tablet and Wuji pills (6) (7) (8) .
An appropriate analytical method is necessary for efficient measurement of multiple constituents. Capillary electrophoresis (CE) is advantageous in high efficiency, small consumption of samples and reagents high speed and good resolution. CE has been reviewed many times (9) (10) (11) (12) and has been included in the United States pharmacopoeia (13) and the Chinese pharmacopoeia (14) . Micellar electrokinetic capillary chromatography (MEKC) using a diode-array detection (DAD) detector has been first described by Terabe and coworkers (15) , now is fully developed to become a separation technique that can be employed for the quantification of non-changed solutes in complex matrices and real samples, such as for the determination of antiviral preparations in TCMs (16, 17) .
Shuanghuanglian (SHL) oral liquid and soft capsule are TCM preparations which comprised of three medicinal herbs, Scutellaria baicalensis Georgi (SB), Lonicerae japonicae Thump (LJ) and Forsythia suspense (Thunb.) Vahl (FS). Because of the clearing, detoxifying, antibacterial, anti-inflammatory and anti-viral effects, they have been used to treat fever, cough, sore throat and other symptoms. Baicalin (BA), forsythin (FO) and chlorogenic acid (CA) are the characteristic and active ingredients in S. baicalensis Georgi, F. suspense (Thunb.) Vahl, and L. japonicae Thump, respectively. In the Chinese Pharmacopoeia (18), the three components, i.e., BA, CA and FO, are used as the assessment markers for the quality control of SHL oral liquid and soft capsule, and their quantitative information is obtained separately by high-performance liquid chromatographic method, which evidently is a time-consuming work. Therefore, it is necessary to develop some more appropriate evaluation methods for the quality control of SHL preparations. A MEKC method has been successfully employed to simultaneous determination of the three components and proved to be applicable to the quality control of SHL oral liquid (19) . Also, for the purpose of the quality estimation of SHL injection, which comprises the same medicinal herbs as SHL oral liquid and soft capsule, the three index compounds listed above have been determined in a single run by MEKC (20) .
To accurately and comprehensively reflect the quality of a TCM product, it would be advantageous if more varieties of evaluation markers could be selected and more sufficient quantitative information could be afforded. For SHL preparation, some bioactive constituents besides BA, CA and FO have also been identified, and similarly they could be specified as evaluation markers. In this work, based on the newly proposed strategy, more varieties of active constituents from every last composed medicinal herb, specifically, baicalein (BE), baicalin (BA), wogonin (WO) and scutellarin (SC) from S. baicalensis Georgi, FO from F. suspense (Thunb.) Vahl, CA and hyperin (HY) from L. japonicae Thump, were selected as evaluation markers for the quality control of SHL preparations. A MEKC method was developed for acquiring quantitative information of the seven evaluation markers in a single run. Subsequently, the proposed method was applied for the quantitative analysis of the seven components in SHL oral liquid and soft capsule from different manufacturers and different production batches.
Experimental

Instrumentation
All the experiments were performed on a CE7100 Capillary Electrophoresis System equipped with DAD detector (Agilent technologies, USA). A Sartorius PB-10 pH meter (Mettler Toledo, Germany) was used to monitor pH values of test solutions, which were adjusted by the addition of 1.0 M NaOH. An ultrasonic bath (Ultrasonic Co., Ltd, China) was used to degas the buffer.
The column was an uncoated fused-silica capillary (Yongnian Optical Fiber Factory, Hebei, China) with a total length of 48.5 cm (40 cm to the detector) and 75 μm I.D. The capillary was flushed in sequence prior to its first use with methanol for 10 min, 1.0 M HCl for 10 min, 1.0 M NaOH for 10 min and purified water for 10 min. Between two runs, a rinse-cycle with 0.1 M NaOH for 1 min, purified water for 1 min and running buffer for 2 min was used. The samples were injected with 50 mbar pressure for 3 s.
Reagents
Standards of BE, WO, BA, CA, HY, SC and FO were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). The structures of seven analytes are shown in Figure 1 . SHL oral liquid (sample batch number. 101210041, 110222011, 110321032), SHL capsule (sample batch number: 20101210, 20110320), Scutellaria baicalensis Georgi, FS and LJ were purchased from Taian Pharmacy in Lanzhou, China. Sodium dodecyl sulfate (SDS), anhydrous ethanol, acetonitrile and sodium borate were purchased from Tianjin Chemical Reagents Co., Ltd. (Tianjin, China). Purified water was purchased from Hangzhou Wahaha Group Corporation (Hangzhou, China).
Preparation of standard solution
During the method development, the stock solutions (480 mg mL
for BE, 440 mg mL −1 for WO, 440 mg mL −1 for BA, 520 mg mL
for HY, 400 mg mL −1 for CA, 180 mg mL −1 for SC and 600 mg mL −1 for FO) were prepared individually in anhydrous ethanol and stored at 4°C. Calibration standard working solutions were freshly prepared by appropriate dilution of the stock solutions in the ranges of 1.2-480 μg mL −1 for BE, 1.1-440 μg mL −1 for WO, 1.2-480 μg mL −1 for BA, 1.3-520 μg mL −1 for HY, 2.0-400 μg mL −1 for CA, 0.92-184 μg mL −1 for SC and 3.0-600 μg mL −1 for FO. Parahydroxybenzoic acid (PHA) 12.5 μg mL −1 was used as the internal standard (IS). The calibration curves adopted an IS method in which linearities were constructed by plotting the peak area ratios of standards to PHA against their concentration ratios.
Preparation of samples
Preparation of samples of oral liquid and soft capsule Oral liquid: 1 mL of SHL oral liquid was well mixed with 25 mL of anhydrous ethanol. After the sonication in an ultrasonic bath for 30 min, the mixture was centrifuged at 10,000 rpm for 5 min. The supernatant was dissolved to a final volume of 25 mL by anhydrous ethanol.
Soft capsules: The content of soft capsule was semisolid. 0.25 g of the semisolid samples was accurately weighed and then extracted by 10 mL of anhydrous ethanol for 30 min on an ultrasonic bath. A final volume of the extracted solution was 10 mL. All the sample solutions were filtered through 0.45 μm membrane filters before use.
Preparation of negative control sample
The negative control samples of SHL oral liquid and soft capsule were prepared by deriving one herb from the prescription. The medicinal herbs S. baicalensis Georgi, L. japonicae Thump and F. suspense (Thunb.) Vahl. were separately ground into powders with a particle size of 40-60 mesh, then accurately weighed according to a certain ratio of the prescription of SHL oral liquid and soft capsule and treated with the same production protocol as for SHL sample (18) . The prescription ratio of S. baicalensis Georgi, L. japonicae Thump and F. suspense (Thunb.) Vahl. in SHL oral liquid and soft capsule is 3.75:3.75:7.0 (w/w).
Results
Composition of buffers
Three background electrolytes were studied (Figure 2 ). Buffer A contained 20 mM borate, pH 9.18, 10 mM SDS and 10% acetonitrile; buffer B contained 10 mM borate, 15 mM sodium dihydrogen phosphate, pH 9.10, 10 mM SDS and 10% acetonitrile; buffer C contained 25 mM sodium dihydrogen phosphate, pH 9.10, 10 mM SDS and 10% acetonitrile. As shown in Figure 2 , the best resolution is achieved in buffer B. Only 3-BA could be completely separated with buffer A (Figure 2a) . Compared with A and B, the signal intensity of buffer C (Figure 2b ) was small and the baseline noise was high. The migration time of all analytes with buffer C is longer than A and B. So buffer B was chosen as the best background electrolyte.
pH of the buffer pH of running buffer plays an important role in CE for its effect on zeta potential, which affects the separation selectivity and resolution. As it is well-known, the mobility of the electro-osmotic flow (EOF) would be increased with the increase of buffer pH. The buffer was adjusted by NaOH with various pH values ranging from 8.9 to 9.7 at an interval of 0.1. Figure 3a illustrates the effects of the buffer pH on migration time. According to Figure 3a , at pH 9.5, the analytes (i.e., WO and BE, BA and HY) could not be completely separated. At pH 9.7, BE and HY could not be completely separated. However, the seven analytes could be completely separated at pH 9.1. Therefore, pH 9.1 was selected for further optimization of other conditions.
Concentration of SDS
The effect of the concentration of SDS was investigated by varying the concentration of SDS in the range of 0-20 mM (Figure 3b) . Furthermore, 10 mM SDS was selected since all the analytes could be well separated within a relatively short migration time.
Organic modifier
Methanol and acetonitrile were chosen as the organic modifier in this experiment. The results showed no difference in improving the separation efficiency between methanol and acetonitrile, but acetonitrile provided shorter migration time than that methanol did. So acetonitrile was chosen as the organic modifier, and the effect of acetonitrile concentration ranging from 5 to 15% was also investigated. The result showed that with increasing acetonitrile concentration, the migration times of the analytes increased, and the resolution was also improved. At 10%, the analytes were separated completely. Considering the migration time and resolution, 10% acetonitrile was selected.
Voltage of separation
The effect of the separation voltage on migration time and peak shape was investigated. As shown in Figure 3c , an increasing separation voltage gives a shorter migration time, but BA and BE could not separate completely. This also proved that a higher separation voltage is not beneficial to the separation. Based on the experimental results, 15 kV was chosen as the optimum voltage.
Method validation
Linearity, precision and detection limit A typical electropherogram of a standard solution of seven analytes is shown in Figure 4a . The linearity, intraday and interday precision and accuracy were employed for the method validation. The relationship between concentrations of each component and its corresponding peak areas was investigated under the optimal separation conditions. Calibration was based on the three duplicate analyses of working solutions at six concentrations. The detection limits ranged from 0.15 to 2.05 μg mL −1 . The intraday precision was determined within one day by analyzing five replicate sample solutions. The interday precision was determined on five separate days by the same sample solution.
The relative standard deviation (RSD) values of retention time and peak area were 0.632-1.246% and 0.876-2.272%, respectively, for interassay, 0.397-1.352% and 0.824-1.645%, respectively, for intraassay precision. The results are shown in Tables I and II. The accuracy of the method was determined by the measurement of recovery through spiking suitable amounts of analytes to the sample extracts. Three different quantities (low, medium and high) of the authentic standards were added to a previously analyzed real sample for which the concentrations of compounds of interest were known. The mixtures were extracted with the same method as that optimized in the section 'Preparation of samples' and the extracts were analyzed using the MEKC method described above. Accuracy was expressed as the percentage of the analytes recovered by the assay. As shown in Table III , recoveries of the investigated components range from 89.00 to 103.04%, RSDs of recoveries for seven compounds are from 2.8 to 10.9%, which indicated that the method provides a highly accurate and simultaneous analysis of the analytes. The CE chromatogram of the standards solution of seven analytes is shown in Figure 4a at concentrations: 1 (24.0 μg mL ).
Repeatability
The repeatability of analysis was examined by the injections of five different sample solutions of SHL soft capsule (sample batch number 20110320) which were prepared in parallel by the same sample preparation procedure. The RSD values for component contents were all below 2.2%.
Specificity
Negative control samples of SHL are prepared and analyzed to investigate the specificity of the method. Electropherograms of negative samples (a, b and c were blanks of LJ, SB and FS, respectively) are shown in Figure 5 . No peaks are found at the retention times of the corresponding analytes in each negative control sample, compared with the chromatograms of regular sample, which indicates that other chemical constituents of the samples do not interfere the precision of the analytes.
Application in real samples
Under the optimum conditions, the determination of BE, BA, WO, CA, FO, HY and SC in SHL oral liquid and SHL soft capsule were carried out. Electropherograms of real samples of SHL oral liquid and soft capsule are shown in Figure 4b and c, respectively. The results are listed in Table IV . CA, WO and HY existed in an abundant amount besides BA.
The above results showed that in the preparations from different manufacturers, contents of CA, SC and HY were quite different. In the current pharmacopoeia, the SHL quality control standard is the determination of the contents of BA, CA and FO by three different HPLC methods. It is time consuming and the only three components are determinate, which is not enough. Therefore, the standards should be established for the other active ingredients, such as WO, SC and HY.
Robustness study
The robustness of the method was examined by making small but deliberate variations in some parameters such as pH (9.0, 9.1, 9.2), concentration of acetonitrile (9, 10, 11%) and the column temperature (19, 20, 21°C) . In this study, the RSDs values of peak areas and resolutions were used as an indicator for the robustness evaluation. The RSDs values of peak areas were observed in the range of 1.1-8.4% for pH, 1.5-9.0% for concentration of acetonitrile and 1.8-6.3% for columns temperature (n = 9). The RSD values of resolutions ranged from 2.4 to 5.8% for the three parameters. It was demonstrated that this MEKC method for the seven analytes assay was robust.
Discussion
The structures of seven analytes (Figure 1 ) suggested that FO is a neutral component while others are anions. Since FO is a neutral compound, an MEKC mode is required for the analysis. The separation can be achieved by optimizing the pH of the buffer, concentration of the borate, sodium dihydrogen phosphate, SDS and acetonitrile.
Effect of background eletrolytes
The effect of the concentration of the borate-phosphate mixture buffer was also investigated. A series of concentrations of the buffer (25, 15, 10, 5, 0 mM phosphate mixed with 0, 10, 12.5, 15, 20 mM borate) were tested in order to choose the best. The results showed that the higher the buffer concentration, the more notable the Joule heating is. Also, the higher the borate concentration, the more the complexation takes place. However, the reduced EOF was resulted from the increase of ionic strength (21), which leads the increase of the negative charge and results in the longer analysis time. In addition, the analyte molecules can form negative complex ions by the interaction of their ortho hydroxyl groups with borate ions (22, 23) . So the medium value, 12.5 mM borate-10 mM phosphate buffer was chosen as the best concentration.
Effect of the buffer pH
It can be seen from Figure 3a that the migration times were increased with increase of buffer pH, but not all the analytes can be separated completely when pH was higher than 9.3. One of the possible reasons is that the higher pH in the range of 8.9-9.7, the shorter time the five flavonoids retain in the micelles (which had a slower velocity than that of EOF), and this leads to shorter migration time. On the other hand, the degree of dissociation of the five flavonoids might change, and this could cause a longer retention of the flavonoids in the micelles and thereby increase the migration time (24) . Taking into account of the parameters of sensitivity, peak resolution and analysis time, a buffer pH of 9.1 was selected for further investigations.
Effect of SDS concentration
MEKC is performed by adding surfactants to the background electrolyte (BGE) in amounts above the critical micelle concentration (CMC). In MEKC, the selective interaction of analytes with the micelles is the major determining factor of the migration of analytes (12) . Micelles provide both ionic and hydrophobic sites of interaction. Therefore, the separation of ionic and non-charged analytes can be obtained. SDS (CMC, 8 mM) is a common modifier which can successfully improve the selectivity of all the negatively charged analytes in the common pH range. Generally, the increase of concentration of SDS increases the migration time. The reason may be that at higher SDS concentrations the phase ratio of micelle to aqueous phase is larger and probability of solubilization of the constituents by the micelles would be higher, resulting in an increase in the migration time for these compounds (25) . It can be seen that the migration times of all the analytes increase with the increase of SDS concentration, especially for FO, the migration time changes dramatically (Figure 3b ). This can be explained by the fact that FO is a neutral compound while the other six compounds have ionizable groups.
Effect of the organic modifier
Usually, addition of organic modifier not only improves resolution and separation selection, but also increases solubility of the compounds. Simultaneously, the dissociation of silanol in the inner wall of the capillary and EOF are reduced, and consequently, the resolution is improved. In this case, 10% acetonitrile was used as the organic modifier.
Effect of the separation voltage
The separation voltage affects the electric field strength, which affects the velocity of EOF and the migration velocity of the charged analytes (26) . Low voltage increases the analysis time considerably. However, a higher separation voltage may result in a higher Joule heat and background noise. Therefore, a moderate voltage is best for the separation.
Conclusion
TCM becomes increasingly popular in recent years owing to the advantages of low toxicity and complications. Therefore, to establish an appropriate analytical method is necessary in the study of the active ingredients and quality of the complicated Chinese medicinal preparations. Holistic analysis of multiple constituents from every last composed herb in a single run is a preferred strategy. In this study, the seven bioactive components from the three medicinal herbs composing SHL oral liquid and soft capsule were selected as evaluation markers, and then their quantitative information was obtained in a single run with the MEKC method. The method can improve the clinical efficacy of the preparation and the quality control of TCM in the future. 
